Abstract-This paper studies the problem of undersea bottom-following through using the Autonomous Underwater Vehicle(AUV) equipped with Altimeter and Depth gauge. We can improve the ability of AUV to perceive the information of the seabed by using the Extended Kalman Filter(EKF to complete the information fusion of data comes from Altimeter and Depth gauge. The seabed terrain slope is estimated by the least square method and then the trend of the seabed terrain can be predicted, which improve the ability of the AUV to track the seabed terrain. In the end, the seabed terrain tracking algorithm was verified by Matlab simulation, and the experimental results showed that the proposed method was effective.
INTRODUCTION
With the development of the sea, people have put forward higher requirements for the use of Autonomous Underwater Vehicle(AUV), hope that the AUV can complete such as seabed terrain tracking, seabed mineral resources exploration and take pictures, set sail and other tasks. These tasks require that the height of the AUV's distance from the sea bottom is no more than 5m, and the speed is less than two. Also, due to the unknown and complex submarine topography, We can't advance the path planning of AUV, which requires the AUV must be close to the bottom of real-time collision avoidance. At present, most of the AUV used in the domestic and foreign are designed for specific tasks, and the AUV research in the aspects of the set sail and the seabed terrain tracking is relatively few, so the problem needs to be further studied. [1] In literature [2] ,the "ABE" AUV, developed by Holzer Woods, the United States of America, only by using the altimeter installed in the bow of the AUV. Based on the analysis of the local seabed terrain changes, the simulation experiment of the seabed terrain following is carried out. In literature [3] , Tehran University of Iran improve the AUV controller through combine the pseudo spectral method and the nonlinear output theory, convert the seabed terrain following problem into trajectory tracking, and the feasibility of the method is verified by simulation. In literature [4] , System and Robotics Research Institute of Oporto University in Portugal, by using Kalman filter, environmental estimation techniques and the navigation technology based on Lyapunov stability . Fitting the data of AUV's altimeter information and then the tracking simulation of sea bottom terrain is accomplished by linear regression theory. And complete the seabed terrain tracking test validation use the America "REMUS" series AUV.
This paper studies the problem of AUV seabed terrain tracking based on altimeter and depth meter information. It focus on the estimation of AUV in the complex marine environment by using sensor information to complete the slope of the seabed terrain. Finally, the algorithm is verified by simulation. Figure 1 shows a schematic diagram of the AUV on the navigation of the sea bottom terrain following. When the AUV is in the bottom tracking, we only need to consider the control of the AUV vertical plane, Here we just consider the AUV's rise and sink speed(w), Pitch angle(q), Pitch angle rate( ) and Depth value(s) and so on. Suppose that AUV is a fixed speed, then set the system motion model like this 
II. AUV'S KINEMATIC MODELING
x(t) [w(t), q(t), (t),S(t)]' θ =(1)
III. EXTENDED KALMAN FILTER
The estimation of seafloor topography mainly depend on the altimeter and depth meter. Because the background noise of altimeter and depth gauge are many and also the large measurement errors. Before the seabed topography is estimated, we need to filter the altimeter and depth gauge data. Here we use the extended Kalman filter. The extended Kalman filter is used in the case of random interference and noise, and the optimal estimation of the state is given by using the linear minimum variance estimation. The extended Kalman filter is 978-1-4673-9724-7/16/$31.00 ©2016 IEEE based on the current statistics and gives the estimate of the true value of the target. [5] The calculation process of the extended Kalman filter is as follows:
The X represents the amount of filtering. A is the system matrix. B is the control input matrix. P is estimated (error covariance matrix). Q is the covariance of the predicted values. H is the observation matrix and the measurement matrix. Kg is an intermediate variable. The value of Q/ (Q+R) is the convergence of Kalman's gain. The smaller Kalman gain, the more reliable the forecast value, the more close to the optimal angle. On the contrary, the measurement value is more reliable, and the optimal angle is close to the measured value. In this paper, Z represents the actual measurement values of altimeter and depth gauge. Parameters A, B, Q are determined by the choice of the system model, the parameter r is determined by the sensor itself, so it can be numerical filter through the Kalman filter on the altimeter and depth gauge . [6] IV. LEAST SQUARE METHOD Because of Seabed terrain fluctuating, here we use least squares method for slope estimations. The least square method (also known as the least square method) is a mathematical optimization method. It will minimize the square sum of the error data to determine the optimal or suboptimal matching function. [7] The least square method can be more convenient and efficient to determine unknown data, and make and minimum the square error between the results and the actual data. We select N values of water depth. The function relationship between time and water depth can be established by least square fitting. S a bt = + . Among them, A and B are the parameters to be estimated. B is the slope of the current terrain. By the least squares fitting, we can find the parameters to be estimated. The method is as follows:
If there is no measurement error, only two groups of different T and s, you can find a and B. But because of the random error exists in each measurement, that is 
How to make the total measurement error is minimum, the choice of different criteria will get different methods. When using the method to measure each square and minimum, that is B is the slope of the seabed terrain, which can be converted to a Where B is the slope of the seabed terrain, which can be converted to an angle.
V. SIMULATION VERIFICATION
This paper establishes two kinds of specific terrain by Matlab, let AUV sailing in the deep / high mode. The EKF and the least squares method of seabed terrain slope estimation and terrain tracking were verified by two sets of simulation.
A. Seabed terrain slope estimation simulation.
First, a trapezoidal terrain is built by Matlab. In the first 200s time, the seabed terrain angle is 0 degrees. At the time of the 200s-400s, the seabed terrain angle is 20 degrees. In the 400-600s of the time of seabed terrain is 0 degree. In the 600-800s of the time of seabed terrain change to -20 degrees. And then in the 800-1000s, the seabed terrain is 0 degrees. The AUV's speed is set at one speed, and the sampling period of the sensor is 0.5s. To join the sensor standard deviation of 1.5 white noise. The sensor data is filtered by EKF. Figure 2 is the bottom topography changes with time and the AUV measurement data. Figure 3 is the algorithm measuring the seabed terrain angle versus time curves. In this paper, the method of least square method is for the estimation of the seabed slope. The value of N was 10. Every ten points to calculate a seabed terrain slope. It can be seen in Figure 3 by the algorithm measurement of seabed terrain angle and angle setting is consistent, it can accurately predict the changing trend of sea floor topography. 
B. Seabed terrain following simulation.
In this paper, a kind of gradually rising sea floor is built to simulate the typical seabed terrain. This paper set up a 100 meter long submarine topography. In order to facilitate the modeling, this paper selects z=0 to represent the sea level. Z down to a positive direction. Set the sea is 20 meters deep, when x<25 is 20 meters deep. When 25<x<55 the deep of sea gradually become smaller. At x>55 when the sea depth is maintained at 14 m.as shown in Figure 4 . In the simulation, set the AUV model as the "dragon first" 6000 meters of autonomous underwater vehicle. It carries 8 different directions ranging sonar. Ranging sonar distribution schematic diagram shown in Figure 5 . Yellow represents a Qianlong vector. S1~S8 is the number of sonar, the angle between two adjacent sonar is 45 degrees. The S1, S5~S8 can be measured on the horizontal plane of the obstacle information. S1~S4 can measure the vertical plane of the obstacle information. The S4 of AUV from the bottom sonar can measure the height. The sonar detection range is 15 meters, the sampling period of the sensor is 0.25s. Set the AUV speed is 2 set, 5 meters high. As shown in Figure 6 for the voyage of AUV. The dotted line represents the AUV by using sliding mode control after the route, the solid line shows the seabed topography. In the range of AUV, if there is an increasing trend in the front of the sea and the AUV will increase the pitch angle in time. When AUV climbing is completed, the AUV sub ocean height is greater than 5m, AUV reduced pitch angle, started downhill, reaching a height of 5m until the AUV distance from the bottom of the sea, eventually return to zero pitch angle, complete sliding mode control in vertical plane. Figure 7 shows the change curve of AUV pitch angle and the pitch angle control in -15~25 degrees. 
VI. CONCLUSIONS
In this paper, the problem of seabed terrain slope estimation is studied based on the extended Kalman filter and the least square method. Simulation and experimental data show that: the extended Kalman filter and the least square method of seabed terrain slope estimation can accurately predict the variation trend of the seabed terrain, and can successfully complete the seabed terrain tracking.
